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The endomyocardial residual effects of left ventricular
endocardial electrical ablation utilizing unipolar and bi-
polar electrode catheters were studied in 15 dogs. His-
topathologic techniques specificfor contraction band ne-
crosis revealed that the mean maximal depth and breadth
of necrosis was 0.63 ± 0.44 and 1.23 ± 0.82 em, re-
spectively. The dimensions of necrosis were significantly
increased when utilizing larger energy discharges, es-
pecially through unipolar electrodes. Four dogs died
during the procedure, three from ventricular fibrillation
Electrical energy delivered through an endocardial electrode
catheter may destroy a sufficient mass of myocardium to
disrupt electrical conducting tissue. This was first reported
in human subjects by Scheinman et al. ( I), who ablated
normal His-Purkinje tissue using a catheter adjacent to the
His bundle to control drug-resistant supraventricular ar-
rhythmias. Subsequently, this technique was used in patients
with the Wolff-Parkinson-White syndrome to ablate acces-
sory atrioventricular connections located posteriorly in the
atrioventricular groove (2).
A similar technique for treating ventricular tachycardia
is theoretically promising since sudden cardiac death caused
by ventricular tachycardia or fibrillation is a leading cause
of death in the United States. Thus, anecdotal reports (3)
of electrical ablation of right ventricular endocardium to
interrupt Purkinje circuits sustaining ventricular tachycardia
have riveted the interest of electrophysiologists. However ,
before this procedure can become an established therapeutic
option, additional data are required characterizing the his-
tologic results, the determinants of the extent of necrosis
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and one from asystole, and two died suddenly within the
succeeding 24 hours. Endocardial thrombi were noted
at necropsy in two dogs.
In conclusion, transcatheter endocardial electrical
ablation may destroy a sufficient mass of myocardium
to interrupt arrhythmogenic conduction tissue, espe-
cially when larger currents are delivered through uni-
polar electrodes. However, serious ventricular arrhyth-
mias and endocardial thrombi should be anticipated.
(J Am Coll Cardiol 1985;5:956-60)
and its sequelae. Accordingly, we undertook a study in
normal dogs to assess the extent of necrosis and fibrosis
after left ventricular endocardial electrical ablation , the ef-
fect of varying electrode configuration and energy strength
and the resulting complications from this procedure .
Methods
Experimental preparation. Fifteen conditioned dogs
weighing 23 to 54 kg were anesthetized with intravenous
sodiumpentobarbital (25 mglkg), intubated, allowed to breathe
room air and electrocardiographically monitored. Using a
percutaneous technique , a quadripolar 7F electrode catheter
was introduced into the femoral artery and passed fluoro-
scopically across the aortic valve. The electrode tip was
then positioned at the left ventricular apex for electrical
stimulation . After energy delivery, the lead tip was se-
quentially repositioned at the midportion of the cardiac sep-
tum and the lateral free wall of the left ventricle for sub-
sequent serial ablations. Adequate endomyocardial contact
and lead stability were confirmed by an initial diastolic
stimulation threshold of less than 0.5 rnA and by sustained
fluoroscopic lead tip buckling.
Energy delivery. Energy was delivered through either
unipolar or bipolar leads. Bipolar leads used the most distal
electrode as the cathode while the anodal electrode was
located I em proximally. The unipolar electrode system was
grounded to a left lateral 226 crrr' precordial patch. The
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catheter electrode system was connected by custom fitting
to a Hewlett-Packard 78660A cardioverter/defibrillator.
Multiple, R wave-synchronized, sinusoidal pulses totaling
400 J were delivered. Three combinations of energy strengths
and discharge numbers were employed. In the first group
of five dogs, 10 discharges of 40 J each were delivered at
each of the three sites on the left ventricular endocardium.
Bipolar leads were used in three dogs and unipolar leads in
two dogs. In the second group of four dogs, four discharges
of 100 J were delivered to each site through unipolar leads
in two dogs and bipolar leads in two dogs. In the last group
of six dogs, two discharges of 200 J were employed at each
site, using unipolar leads and bipolar leads in three dogs
each. Before each discharge, electrode stability was recon-
firmed both fluoroscopically and by a diastolic stimulation
threshold of less than 4 rnA. Discharges were delivered
approximately every 4 minutes unless hemodynamically un-
stable arrhythmias requiring resuscitative efforts ensued. If
this happened, manual ventilation with supplemental oxy-
gen, the administration of lidocaine and bretylium, sodium
bicarbonate and electrical defibrillation were employed as
required. Cardiac rhythm was continuously monitored in all
dogs throughout the procedure and for at least 15 minutes
thereafter; two dogs were monitored for 24 hours after the
procedure using a conventional two-channel ambulatory
electrocardiographic recording system.
Pathologic evaluation. All dogs surviving the study
procedure were sacrificed at either 4 (n = 7) or II to 18
(n = 8) days after treatment. All major organs were mi-
croscopically examined and subsequently sectioned at I em
intervals to identify emboli or infarction, or both. The heart
was similarly examined for pericardial or epicardial bums,
and then sectioned for histologic study of the tissue at the
sites of energy delivery. The histologic samples were stained
with hematoxylin-eosin. In dogs dying within 24 hours of
the procedure, a hematoxylin-basic fuchsin picric acid stain
was used to detect early contraction band necrosis. The
extent of necrosis was measured from the histologic sections
(Fig. I). The maximal depth of necrosis was measured along
Figure 1. Depthof myocardial necrosis is defined as the maximal
extent of tissue necrosis along a line perpendicular to the endo-
cardium. Breadth is defined as the maximal extent of necrosis
along a line perpendicular to the depth.
a line perpendicular to the endocardium, while breadth of
necrosis was defined as its greatest linear dimension along
a line perpendicular to the depth. The presence and extent
of endocardial thrombus were also recorded.
Statistical analysis. All data are expressed as mean ±
standard deviation. Group comparisons were analyzed using
a two-tailed Student's t test. Differences in discrete variables
were compared by chi-square analysis.
Results
Histology. Histologic study demonstrated myocardial
necrosis in all 15 dogs. The maximal depth of necrosis
averaged 0.63 ± 0.44 ern (range 0.1 to 1.7) and the max-
imal breadth of necrosis was 1.23 ± 0.82 em (range 0.1
to 3.2). Late histologic changes were characterized by con-
traction band necrosis along with islands of intramyocardial
hemorrhage. Similar changes were observed using hema-
toxylin-basic fuchsin picric acid stain within the first hours
after endomyocardial ablation (Fig. 2). At 15 days, the
degree of fibrosis paralleled the necrotic changes observed
in dogs undergoing necropsy at 4 days. In two dogs re-
ceiving 100 J bipolar discharges and in one dog receiving
40 J unipolar discharges, the septum failed to display any
gross endocardial changes; this was believed to reflect in-
adequate lead tip contact. Histologic changes were also ev-
ident only at the one site in the dog that died after delivery
of discharges at the first site, and at two sites in the dogs
that died before delivery of shocks at the remaining third
site of the ventricle. Thus, subsequent data analysis reflects
histologic changes observed at the remaining 38 apical
(n = 14), lateral (n = 14) or septal (n = 10) sites where
gross changes were seen.
Determinants of necrosis. The extent of necrosis as a
function of lead configuration (unipolar versus bipolar) was
Figure 2. Hematoxylin-basic fuchsin picric acid stain (100 x )
demonstrating contraction band necrosis in a dog dying within 15
minutes after receiving an endocardial discharge of 100 J.
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Figure 4. Breadthand depthof necrosis after deliveryof differing
energy levels to the endocardium.
second death occurred because of progressive bradycardia
after delivery of bipolar discharges at the third site. The
third death occurred 19 hours after the procedure in a dog
that received unipolar discharges.
The depth and breadth of necrosis in dogs that did not
survive the procedure were similar to those in survivors
(depth, 0.67 ± 0.048 versus 0.59 ± 0.43 cm [p = NS];
and breadth, 1.4 ± 1.0 versus l.l ± 0.7 em [p = NS]).
Two dogs that underwent continuous electrocardiographic
monitoring for 24 hours after the procedure displayed in-
cessant runs of ventricular tachycardia throughout the
recording.
Endocardial thrombi 2 and 15 mm in diameter were
observed adjacent to the site of energy delivery in two dogs
receiving discharges of 100 and 200 J, respectively. One
splenic infarction was also detected. However, no associated
luminal thrombus was noted; thus, the relation of the infarct
to thromboembolism from the endocardium remains con-
jectural. There were no myocardial ruptures and no peri-
cardial bums.
determined (Fig. 3). Bipolar discharges were used in eight
dogs (three receiving 40 J shocks, two receiving 100 J
shocks and three receiving 200 J shocks). Unipolar leads
were used in seven dogs (two dogs receiving both 40 and
100 J shocks, and three dogs receiving only 200 J shocks).
The depth and breadth of necrosis was greater with unipolar
than with bipolar leads. Because of the small number of
dogs, a statistically significant increase in necrosis induced
by unipolar and bipolar discharges was not seen at each
energy strength delivered, although the average at each en-
ergy level favored more extensive necrosis using unipolar
leads.
Discharge strength was the major factor determining the
extent of necrosis (Fig. 4). Thus, although a total of 400 J
was delivered at each site, more extensive necrosis was
observed with higher individual discharges. Specifically,
significantly greater necrosis was observed when 2 dis-
charges of 200 J were administered, compared with 4 dis-
charges of 100 J or 10 discharges of 40 J.
Complications. Ventricular arrhythmia was the most
common complication. After each discharge, each dog dis-
played incessant, nonsustained ventricular tachycardia at
heart rates of 140 to 240 beats/min lasting throughout the
monitoring period. In the group of five dogs receiving 10
discharges of 40 J at three sites in the ventricle, two dogs
died suddenly of intractable ventricular fibrillation. One had
received unipolar and the other bipolar discharges. Death
occurred during delivery of shocks at the second site in the
first dog and at the third site in the second dog. All four
dogs in the group that received four discharges of 100 J
survived the procedure; however, one dog that received
bipolar discharges died suddenly after 22 hours. Three deaths
occurred in the six dogs that received two discharges of 200
J. Two of these three deaths occurred during the study; the
first was due to ventricular fibrillation after delivery of uni-
polar discharges at the first site in the ventricle, and the
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Figure 3. Extent of necrosis as a function of lead polarity. See
Figure I for definitions of breadth and depth of necrosis.
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Discussion
The feasibility of interrupting electrical pathways com-
prising the limbs of a tachycardia circuit was first established
in animals by Beazell et al. (4) in 1976 and was followed
by similar achievements in patients by Scheinman et al.
(l,5) in 1982. However, a great deal remains to be learned
about this unique and promising therapeutic technique. For
example, what are the determinants of myocardial necrosis?
What potential complications of endocardial ablation should
be anticipated? Can they be prevented?
The results of this study show that a sufficient mass of
myocardium can be ablated by discharges delivered through
standard endocardial electrode catheters to control life-threat-
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ening ventricular arrhythmias . Our findings are in accord
with those of Horowitz et al. (6) , who demonstrated that
surgical resection of a 2 to 4 ern endocardial layer only I
to 2 mm thick was sufficient in most patients to interrupt
the circuitry responsible for ventricular tachycardia. Thus,
the mean maximal breadth and depth of necrosis observed
in our study , especially when delivering higher energies
through unipolar electrodes, are at least sufficient and may
exceed the extent necessary to accomplish the same purpose.
Histologic effects. The predominant histologic change
found in this study was contraction band necrosis , which
was observed in all dogs at the point of endocardial shock .
Contraction band necrosis was also reported by others using
electrical endocardial ablation (7) as well as after the ap-
plication of direct current countershock to the heart in dogs
(8). This is the same type of necrosis that occurs with re-
perfusion injury of ischemic myocardium and is distinct
from coagulative necrosis, which characterizes occlu sive
ischemic events (8).
Our study shows that the two major factors determining
the extent of tissue necrosis after electrical endocardial
ablation are lead polarity and the strength of individual
discharges (shocks). Assuming that tissue necrosis results
from a buildup of thermal energy in myocardial tissue which
is known to be a poor thermal conductor (9), the discovery
that higher energy delivery causes more tissue necrosis is
not surprising. In this circumstance, the endomyocardial
"cooking" reflects the dissipation of heat from the high
resistivity of this tissue. Although decreasing the interval
between discharges may cause a thermal energy buildup and
consequently enlarge the necrotic myocardial mass. smaller
discharges, as long as they are repeated at sufficiently long
intervals, may not cause the same thermal energy buildup
and, therefore, may result in lesser necrosis. In a similar
fashion, extensive necrosis also occurs when direct current
countershock is serially applied to the heart using short-term
intervals between successive shocks. presumably because
of a compounding of thermal damage. In contrast to these
observations, Lerman et al. (7) failed to note a relation
between energy delivered and resultant injury. However,
fewer total sites of endocardium were ablated in their study ;
in fact. their data suggested a trend supporting a positive
relation between energy and injury that might have been
significant had a larger number of dogs been studied.
Complications. The most troublesome observation in
this study and that of Lerman et al. (7) was the very high
incidence rate of ventricular arrhythmias after endocardial
ablation. A similarly high incidence rate of arrhythmias
was observed by Klein et al. (9), who noted transient ven-
tricular tachycardia for I week in dogs undergoing cryo-
thermal injury of the myocardium. During our procedure,
ventricular fibrillation unresponsive to resuscitative efforts
occurred in two of the five dogs receiving discharges of 40
J and in two of six dogs receiving discharges of 200 J . One
unmonitored dog receiving 100 J shocks and one receiving
discharges of 200 J died suddenly within 24 hours after the
procedure, presumably because of arrhythmia since no other
cause of death was detected at necropsy. In addition, all of
our dogs displayed long runs of incessant ventricular tachy-
cardia immediately after the procedure . Two surviving dogs
in which electrocardiographic recordings were performed
continued to demonstrate runs of ventricular tachycardia for
24 hours after the procedure.
Several aspects of the study may have contributed to the
high incidence rate of ventricular arrhythmias. The large
number of shocks delivered, the high energy levels used in
some dogs and the use of unipolar electrodes may have been
arrhythmogenic individually or collectively. or both. How-
ever, several points argue to the contrary. We found no
significant relation between mortality and the amount of
tissue necrosis, although a trend existed for larger tissue
destruction in dogs dying of arrhythmias that might have
been significant if a larger number of dogs had been studied.
Furthermore, a similar number of dogs died after receiving
multiple discharges of 40 J as those receiving fewer , but
larger discharges. A similar number of dogs died after uni-
polar (n == 4) compared with bipolar (n == 3) discharges.
A trend existed for a higher mortality after an increasing
number of discharges. Thus. intractable ventricular fibril-
lation complicated delivery of shocks at the first left ven-
tricular site in one dog, at the second site in two dogs and
at the third site in three dogs. Nevertheless, the cause for
these ventricular arrhythmias remains unexplained .
Implications. The high prevalence of arrhythmias ob-
served in animals in this and other (7) studies contrasts
strikingly with data in the few published reports of elective
endomyocardial ablation in human patients (3). This may
in part reflect a species difference in the response to this
technique or a complication encountered in normal hearts
rather than infarcted and diseased hearts . Nevertheless, the
prevalence of ventricular tachycardia and fibrillation ob-
served in animal studies as currently reported is such that
definition of its pathogenesis and management is essential
before widespread clinical application of this exciting tech-
nique is appropriate . In the meantime, however, let us avoid
the "tomato effect" of prematurely rejecting a highly ef-
ficacious therapeutic innovation (10) .
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